Background. Previously, we reported that there was an outbreak of human immunodeficiency virus type 1 (HIV-1) circulating recombinant form (CRF) 07_BC among injection drug users (IDUs) in Taiwan in 2004. The objectives of the present study were to conduct a molecular epidemiological analysis and to characterize the fulllength genome of the Taiwanese CRF07_BC.
70% [2] . HIV-1 infections continue to expand along heroin trafficking routes in China [3] . Before 2004, the prevalence of HIV-1 in Taiwan was considered to be low. In the preceding year, rates among first-time blood donors, military conscripts, and pregnant women were measured as 5.2, 57.0, and 12.0 cases/100,000 population, respectively [4] . Concerning the high-risk populations, data gathered in 2003 in Taiwan showed a HIV-1 prevalence rate of 0.09% for IDUs, 0.2% for female sex workers, 1.9% for patients with sexually transmitted infections, and 6.7% for men who had engaged in homosexual sex in saunas or bathhouses [4, 5] . A dramatic increase in the number of new HIV-1/ AIDS cases reported to Taiwan's Center for Disease Control (CDC) occurred in 2004; the 1521 cases represent a 77% increase from 2003 [4] . Risk factor analysis of the reported cases to Taiwan's CDC showed that the [4] .
Researchers performing phylogenetic analyses of globally circulating viral strains have identified 3 distinct HIV-1 groups (M, N, and O) with 9 genetic subtypes (A-D, F-H, J, and K) within the primary M group (reviewed in [6, 7] ). Furthermore, mosaic HIV-1 strains that have transformed into circulating recombinant forms (CRFs) continue to play a significant role in global and regional HIV epidemics. To date, at least 34 HIV-1 CRFs have been identified [8] . The 3 main subtypes or CRFs in Asia have been identified as B, C, and CRF01_AE [6, 9, 10] . Subtype C is most prevalent on the Indian subcontinent [9, 11, 12] . Both subtype B and CRF01_AE are dominant in Southeast Asia [13] [14] [15] [16] . Since 1997, both CRF07_BC and CRF08_BC strains have been isolated from IDUs in several provinces of mainland China [3, 17, 18] . These 2 CRFs were presumably generated in Yunnan Province and spread northwestward to Xinjiang Province and eastward to Guangxi Province.
According to previous data collected in Taiwan, subtype B is predominant in homosexual males and IDUs, and CRF01_AE is predominant among heterosexual persons [19] . Recently, outbreaks of HIV-1 CRF07_BC infections among IDUs in Taiwan have been reported [20, 21] . However, neither study has analyzed the full-length genome of the Taiwanese CRF07_BC. Therefore, the objectives of the present study were to conduct a molecular epidemiological analysis of HIV-1 infection in Taiwan in 2004 and to characterize HIV-1 subtyping and phylogenetic analysis. The proviral nucleotide sequences of the gag, pol, and env regions were determined using polymerase chain reaction (PCR) with Taq polymerase (TAKARA Bio) [22, 23] . Primer pairs used are listed in table 1. DNA was extracted from PBMCs by use of QIAmp blood-extraction kits (QIAgen). The reaction conditions are listed in table 2. DNA sequencing was performed using a DNA analyzer (ABI 3700; Applied Biosystems). HIV-1 subtypes were determined on the basis of phylogenetic analyses of the gag, pol, or env sequence. Sequence alignments with different subtype reference sequences from the Los Alamos HIV database (available at: http://www.hiv.lanl.gov) were conducted using the BioEdit program (version 3.7). Phylogenetic trees were constructed using the neighbor-joining method based on Kimura's 2-parameter distance matrix with 1000 bootstrap replicates, using the MEGA (version 3.0) and PHYLIP (version 3.5) software packages [24] [25] [26] . We used MEGA for construction of neighbor-joining trees and PHYLIP for parsimony and maximum-likelihood methods to verify the topology of taxas shown in the trees. In this study, all trees are shown as the neighborjoining tree from MEGA.
Full-length genomic sequencing of the CRF07_BC strains. Initially, 4 CRF07_BC strains from Taiwanese IDUs (TW_D3 and TW_D4 from the northern region, TW_D60 from the central region, and TW_D118 from the southern region) were selected for full-length sequencing. Eventually, we obtained near-full-length sequences for the TW_D3 and TW_D60 strains and incomplete sequences for the TW_D4 and TW_D118 strains. The primer pairs for the first PCR [27] and 13 nested PCRs (table 1) were designed to cover the full-length genome Analysis of intersubtypic mosaicism using the Simplot program. The near-full-length sequences of Taiwanese CRF07_BC strain (equivalent to nucleotide positions 796-9411 of the HXB2 strain) were aligned with 10 HIV-1 reference strains by use of the BioEdit program. The sequences were corrected manually to ensure that gaps did not alter the open reading frames. Phylogenetic trees were constructed as described above. Simplot software (version 2.5) was used to identify the diversity plot and recombination breakpoints [27] . The genetic distance between TW_D3 and each subtype was calculated using the Simplot software with a sliding window of 200 bp moving in increments of 20 bp along the alignment.
Analysis of amino acid signature pattern and open reading frames of Taiwanese CRF07_BC strains. The relationship between the Taiwanese CRF07_BC strains and their prototype was elucidated by analyzing their amino acid signature patterns. The deduced amino acid sequences from the Taiwanese CRF07_BC strains were aligned with the protein sequences from several strains belonging to the following subtypes or CRFs: subtype B, subtype C, CRF07_BC, and CRF08_BC. Because the unique recombinant forms (URFs) HH069 and HH086 were found in IDUs in eastern Yunnan Province of China [28] , they were also included in the analysis. The amino acid sequences of CRF07_BC-CN54 were used as the reference for comparison.
Statistical analysis. The Pearson x 2 test or Fisher's exact test was performed in univariate analysis to find the statistical significance for all comparisons between patient groups with different risk factors or between patients infected with different HIV-1 subtypes. Student's t test was used to compare the mean ages and mean CD4 cell counts between outpatients and IDUs.
Nucleotide sequence accession numbers. The GenBank accession numbers for the near-full-length genomic sequences of CRF07_BC strains TW_D3, TW_D60, TW-D4, and TW-D118 were DQ230841, DQ230842, EF078278, and EF078279, respectively. The GenBank accession numbers for the pol sequences were EF077820-EF077943 and EF078127-EF078277. The GenBank accession numbers for the gag sequences were EF078115-EF078126. The GenBank accession numbers for the env sequences were EF077944-EF078076 and EF078077-EF078114.
RESULTS
In total, 491 patients with HIV-1/AIDS from Taipei City Hospital and 3 detention centers located in the northern, central, and southern regions of Taiwan participated in this study. (table 3) .
The HIV-1 subtypes and CRFs for the 479 patients were determined using phylogenetic analysis with gag (figure 1A), pol (data not shown), or env sequences (figure 1B). The majority of the male outpatients were infected with subtype B (96.2%), whereas 50% of the female outpatients were infected with CRF01_AE. In contrast, of the 123 male inmates, 115 (93.5%) were infected with CRF07_BC, and 8 (6.5%) were infected with subtype B; the 10 female inmates were all infected with CRF07_BC. Origin and dissemination paths of Taiwanese CRF07_BC strains. As shown in figure 1 , phylogenetic analyses based on either the gag or env region revealed that the Taiwanese CRF07_BC strains were clustered with CRF07_BC strains originating from mainland China. In addition, the Taiwanese CRF07_BC strains were clustered in 2 groups, with a bootstrap value of 76 in the tree constructed on the basis of the env sequences (figure 1B). As shown in figure 1B, group 1 contains CRF07_BC strains exclusively from the inmates in the detention center located in the southern part of Taiwan, whereas group 2 contains CRF07_BC strains only from inmates in the detection centers located in the central and northern regions of Taiwan.
Phylogenetic and bootscan analyses of the full-length Taiwanese CRF07_BC strains. Four CRF07_BC strains (TW_D3 and TW_D4 from the northern region, TW_D60 from the central region, and TW_D118 from the southern region) were selected for further sequence analysis. Eventually, we obtained near-full-length sequences for TW_D3 and TW_D60, and they shared 97% nucleotide sequence homology with the prototypic CRF07_BC strain (97CN54, 97CN001, 98CN009, and CNGL179) from mainland China. As shown in figure 2A , a phylogenetic tree of TW_D3 and TW_D60 strains was con- 
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The amino acids within the CXCR4-using consensus that differ from the CCR5-using consensus are highlighted by X, and the crown motif is shaded. Variable (X) and identical (.) amino acids are indicated.
ducted using the neighbor-joining program, and the results showed that both TW_D3 and TW_D60 strains clustered with other CRF07_BC strains from mainland China, with a bootstrap value of 100. Subsequently, the Simplot program was used to compare the nucleotide distances between the CRF07_BC TW_D3 strain and other HIV-1 subtypes, including subtypes A, B, C, D, F, G, H, J, and K. As shown in figure 2B , the diversity plot of TW_D3 showed alternating regions having high sequence homology with subtype B (RL42) and subtype C (95IN21068). The majority of the nucleotide sequences of the TW_D3 strain showed the highest homology to subtype C, and 5 regions exhibited higher sequence similarity to subtype B . These 5 regions were located in the gag-pol coding region, vpr, the 3 end of the vpu gene, and the nef open reading frame.
Bootscanning was performed to investigate the possibility of recombination. As shown in figure 2C , the bootscan of the TW_D3 strain revealed that it was mainly composed of subtype C, with 5 inserted segments of subtype B . The recombination breakpoints were elucidated by informative site analysis, and the results showed that there were 10 recombination breakpoints in both TW_D3 and TW_D60 and that they were almost identical to those of the CRF07_BC prototype (97CN54) from China. A schematic representation of the mosaic genome of Taiwanese CRF07_BC TW_D3 is given in figure 2D .
Analysis of the amino acid signature pattern of the Taiwanese CRF07_BC strains. To elucidate the amino acid signature pattern of the Taiwanese CRF07_BC strains, reference strains from the following different subtypes were used for comparison: subtype B, subtype C, CRF07_BC, CRF08_BC, and URFs. Compared with the prototypic CRF07_BC-CN54, there were 28 aa differences in the envelope glycoprotein gp120 in the Taiwanese CRF07_BC strains. Of them, 16 were found in the variable regions (V1, V2, V4, and V5), and the other 12 were found in the conserved regions ( figure 3A) . The V3 loops in the gp120 of the Taiwanese CRF07_BCs had 100% sequence homology with the Chinese CRF07_BC-CN54 strain. Amino acid substitutions in gp41 were identified at 16 different positions (16/345 [4.64%]), and 10 were located in the endodomain ( figure 3A ).
Regarding the Gag protein, the amino acid sequences of matrix (p17), capsid (p24), and nucleocapsid (p7) were almost identical to those in the prototypic CRF07_BC, with amino acid substitutions of 1.5% (2/132), 0.4% (1/231), and 2.8% (2/ 71), respectively. Two proteins were encoded in the HIV-1 p6 region: p6 gag (52 aa) and transframe p6 pol (48 aa). It is worthy to note that there were 7-11 aa deletions in the p6 gag and p6 pol proteins of those 4 Taiwanese CRF07_BC strains (figure 3B and 3C).
In terms of the pol gene, which encodes the protease (PR), reverse transcriptase (RT), and integrase (IN) enzymes, the amino acid substitution rates were 2.02% (2/99) for PR, 0.68% (3/440) for RT, and 1.74% (5/288) for IN. No drug resistancerelated mutations were found among the 4 sequences analyzed.
DISCUSSION
In the present study, the molecular epidemiological data showed distinct differences of the demographic characteristics and HIV-1 subtypes between the outpatients and incarcerated populations in Taiwan. Furthermore, the CRF07_BC strain was identified as the primary circulating virus among Taiwanese IDUs in 2004. Analysis of the demographic data revealed that a higher proportion of inmates than outpatients received a new diagnosis of HIV-1 infection in 2004 (83.7% vs. 27.6%). The HIV-1 cases in outpatients accumulated over a period of time, whereas most of the HIV-infected inmates in the detention centers received their diagnoses immediately after they entered the facilities. We compared the mean CD4 cell counts between IDUs from the detention centers and from the hospital and found that there was no difference between these 2 groups (482.3 vs. 495.2 cells/mL; , Student's t test). P p .86 According to the Los Alamos HIV database, there are at least 34 different HIV-1 CRFs, and most of them (23/27 [85%] ) have recombination breakpoints in the gag-pol region [10] . Previously, we and another group used both the pol and env genes for the phylogentic analysis of CRF07_BC strains in Taiwan [20, 21] . In the present study, in addition to the pol and of V3 loop   18  19  20  21  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35   P  G  Q  T  F  Y  A  T  G  D  I  I  G  D  I  R  Q  A env genes, we used a fragment of the gag gene containing recombinational breakpoints of CRF07_BC for subtyping. The results showed that the Taiwanese CRF07_BC strains clustered with other CRF07_BC strains from China, with a significant bootstrap value of 99 ( figure 1A) . Therefore, the region that we used (nucleotide positions 1174-1640 of the HXB2 genome) here was suitable for the identification of CRF07_BC strains. Furthermore, we analyzed 4 near-full-length genomic sequences of Taiwanese CRF07_BC strains, and both the phylogenetic tree and bootscanning analyses confirmed that they were closely related with the CRF07_BC strains from mainland China (figure 2). The first case of HIV-1 infection among drug users in Taiwan was reported in 1988 [4] . Before 1998, subtype B was found to be the predominant subtype among Taiwanese IDUs, although its prevalence rate was relatively low [19] . In 2004, CRF07_BC surpassed subtype B and became the predominant HIV-1 infection among IDUs in Taiwan. CRF07_BC was first detected among IDUs in Xinjiang Province of mainland China in 1997 [3, 17] . In the present study, phylogenetic analysis using either a gag or env gene fragment showed that the Taiwanese CRF07_BC strains were clustered with CRF07_BC strains isolated from Xinjiang ( ) and 0.59% n p 15 ( ), respectively; this finding also suggests that the group n p 10 1 virus may have evolved for a longer period of time than the group 2 viruses. Further studies with more CRF07_BC strains from Taiwan and other provinces of mainland China (including Guangdong Province) will be helpful to elucidate the origin and dissemination routes of the CRF07_BC strains in Taiwan.
Concerning the amino acid sequence variation of the Taiwanese CRF_07BC strains, their V3 loops of the gp120 harbor a sequence identical to that of the Chinese CRF07_BC strains. As shown in table 5, the V3 loops of the Taiwanese CRF07_BC strains contain consensus CCR5 tropic-related amino acid residues of subtype C [29, 30] . Regarding the gag and pol coding sequences, it has been found that a Ϫ1 ribosomal frameshift event occurs at a frequency of ∼5% during gag translation, resulting in Pol being translated as a Gag-Pol fusion protein [31] . Within the Gag-Pol, the p6 domain is truncated and replaced by a transframe domain referred to as p6 pol [32] . It has been proposed that the p6 gag protein contains a PTAP domain at its N-terminal region that binds the Tsg101 protein [33] and residues 32-46 at its C-terminal region that are sufficient for AIP1 binding [34] . Tsg101 and AIP1 proteins link HIV-1 p6 gag to the endosomal sorting complex, which is essential for viral budding. In terms of p6 pol , previous reports have suggested that p6 pol acts as a regulator of protease activation and that the C-terminal SFNF motif is critical for protease autocleavage [35] . In the present study, we found that the PTAP domain was conserved among all the Taiwanese CRF07_BC strains, whereas they had 7-11 aa deletions in the p6 gag and p6 pol proteins. As shown in figure 3B , the deletions were found mainly in the AIP1-binding domain of the p6 gag protein. These deletions were also observed in 3 of 8 CRF07_BC isolates from Kunming, Yunnan Province, China [36] . Recently, we sequenced another 14 CRF07_BC strains from IDUs who received HIV diagnoses in 2005 and 2006 and found that all of the strains had similar deletions in the p6 gag protein. In contrast, according to sequence analysis data on 127 HIV-1 strains (subtype A-D, F-H, J, K, CRF01_AE, and CRF02_AG), only 3 subtype A strains had 2-5 aa deletions in the AIP1-binding domain [37] . Further studies are needed to elucidate the effect of these deletions on the viral fitness and transmission efficiency of the Taiwanese CRF07_BC. 
